Polysaccharides of Momordica charantia have been reported to be the primary bioactive components that confer its antioxidant activity. To some degree, antioxidants may provide beneficial effects on neuronal damage induced by seizures.
Introduction
Epilepsy affects up to 1% of the general population and is characterized by recurrent, spontaneous and paroxysmal cerebral discharges with a miscellaneous etiology [1] . Based on accumulating evidence, antiepileptic drugs (AEDs) merely afford symptomatic relief from seizures, and some have no effects or exert intolerable adverse effects that lower the quality of life of up to 30% of patients with epilepsy. Moreover, these AEDs do not prevent the onset of epilepsy or block seizure progression [2] . Therefore, the design and discovery of new drugs and treatment strategies to ameliorate seizures and minimize side effects are required.
The underlying mechanisms of epilepsy remain largely unknown. Animal models of epilepsy and clinical studies have revealed that oxidative stress is one important mechanism in the pathogenesis of epilepsy, as it plays a significant role in the initiation and progression of epilepsy [3] . Oxidative stress is described as an imbalance between free radical generation and the antioxidant defense capacity in a biological system. Free radicals, including reactive oxygen species (ROS) and reactive nitrogen species (RNS), are products of cellular metabolism [4] . Excess generation of free radicals during epileptic seizures damages neuronal cells, inducing hippocampal neuronal cell loss through either a necrotic or an apoptotic pathway [5] [6] . Therefore, free radical scavenging agents may emerge as a beneficial strategy for treating epilepsy and protecting neurons. In fact, many antioxidants, such as lipoic acid, melatonin, resveratrol, α-tocopherol and vitamin C, have shown potential efficacy in treating convulsive disorders and neuroprotective effects on various seizure models [3] .
Momordica charantia (MC) belongs to the Cucurbitaceae family and is also known as bitter melon. The fruit of MC is commonly consumed as a food but has also been used historically as a treatment for diabetes, cardiovascular diseases and cancer. M. charantia possesses antioxidant activity [7] , anti-tumor activity [8] , anti-obesity effects [9] , hypoglycemic effects, the ability to reduce cholesterol levels [10] and other beneficial effects. Polysaccharides in M. charantia are the primary bioactive components that exert these different pharmacological effects of M. charantia. In addition to the aforementioned effects of M. charantia, studies from our laboratory have shown that Momordica charantia polysaccharides (MCPs) also have neuroprotective roles and potentially reduce thrombin-induced neuronal death in primary hippocampal neurons and decrease neuronal loss induced by cerebral ischemia/reperfusion (I/R) via inhibiting the oxidative stress-mediated JNK3 cellular signaling pathway [11] [12] .
Kainic acid (KA), a nonselective and potent exogenous agonist of α-amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) receptors and kainate receptors, is widely used to induce seizures. KA-induced animal models display similar clinical behaviors and pathological changes to patients with epilepsy. KA administration in rodents increases the generation of ROS and RNS, increases oxidative stress in brain tissues and induces neuron death via apoptosis and necrosis, specifically in the hippocampal CA1 and CA3 regions [13] .
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Based on the above findings, in the present study, we used a KA-induced Sprague-Dawley (SD) rat model to investigate the effects of MCPs on oxidative stress and neuronal cell loss in the hippocampus of epileptic rats. MCPs can protect neurons by their anti-oxidative effect, but there is no any research on epilepsy.
Materials and Methods

Chemicals and Reagents
In this study, KA was obtained from Sigma-Aldrich Corporation (Sigma-Aldrich, St. Louis, MO, USA). The SOD assay kit, CAT assay kit and MDA assay kit were purchased from Nanjing Institute of Biological Engineering (Nanjing, China). All other chemicals were obtained from Sigma Chemical Co., unless indicated otherwise.
Preparation of MCPs and Chemical Identification
Details of the procedures used to prepare MCPs were described in previous studies by Wu et al. [12] [14] and were performed with minor modifications. Briefly, MCPs were extracted from M. charantia with water by sonication, followed by the removal of starch and proteins and alcohol precipitation. Ten milligrams of MCPs dissolved in distilled water (1.6 mL) were hydrolyzed with 1.6 mL of trifluoroacetic acid (TFA) (4 mol/L) in a sealed glass tube with a screw cap at 110˚C for 12 h. The solution was evaporated, and 6 mL of methanol were added for further evaporation. This step was performed three times to completely remove the TFA.
The hydrolysate was treated with 40 mg of hydroxylamine dissolved in 2 mL of a hydrochloride-pyridine solution and incubated in a sealed glass tube at 90˚C for 30 min. After cooling to room temperature, 2 mL of acetic anhydride were added and heated in the resealed tube at 90˚C for another 30 min. After cooling, the solution was evaporated to dryness. The dried residue was subjected to the analysis of the MCP components.
The gas chromatography (HP5890 SERIESI, US, FID detector) analysis was performed under the following conditions: DB-WAX capillary column (30 m × 320 µm); the initial temperature of the column was set to 180˚C, held for 3 min, and then programmed to increase by 10˚C/min to 250˚C; a split injection (1 μL) was applied with a split ratio of 1:50. High purity nitrogen was used as the carrier gas at a flow rate of 10 mL/min. The column temperature was 180˚C, and the sampling temperature was 250˚C.
Experimental Animals
In our experiments, adult male SD rats (270 ± 30 g, 6 -8 weeks) were provided by Shanghai Experimental Animal Center (Shanghai, China). All animal treatments and maintenance procedures were approved by the Animal Ethics Committee of Xuzhou Medical University (Approval ID: SCXK (SU) 2010-0003) and were performed according to the Guide for the Care and Use of Laboratory Animals from the National Institutes of Health. Rats were housed in standard cages in a controlled environment (constant temperature: 23˚C ± 2˚C; relative humidity: 50% -60%; light period: 07:00-19:00) and were allowed free access to food and water ad libitum. After three days of acclimatization, rats were used for research purposes. We made all efforts to minimize the number of animals used, as well as their suffering.
Forty rats were randomly divided into four experimental groups to analyze the effects of MCPs on oxidative stress: a sham group (Sham), a control group (KA), a pre-KA group (Pre-KA) and a post-KA group (Po-KA). In the sham group, rats were intraperitoneally injected with 0.9% normal saline. In the control group, rats were intraperitoneally injected with KA (10 mg/ml). In the pre-KA group, rats were intraperitoneally injected with MCPs (50 mg/kg) 30 min before the KA injection. In the post-KA group, MCPs (50 mg/kg) was i.e. administered to the rats 30 min after the KA injection [11] [12] . Both can have protective effects on the neurons, we gonna to investigate which is better of the preventive effect and the protective effect.
Seizure Model
Seizures were induced by the systemic injection of KA. KA (10 mg/ml) was dissolved in sterile normal saline and administered i.e. to the rats. After injection, the rats' behaviors were monitored to assess seizures, sluggish behavior, dull eyes, head scratching, unilateral forelimb myoclonus or bilateral forelimb myoclonus and even gradual loss of positional sensation after the occurrence of several seizures. Five to six rats from each group were selected (n = 10, model success rate of approximately 50% -60%).
Sample Preparation
Six hours after KA injection, rats were treated with ether anesthetic and were immediately decapitated using a guillotine. The hippocampus was quickly and carefully dissected from both hemispheres and rapidly frozen in liquid nitrogen.
The hippocampus was thawed and homogenized in 10% (w/v) ice-cold homogenization buffer (pH 7.4) containing 320 mM sucrose, 100 mM KCl, 50 mM NaF, at 800 g for 10 min at 4˚C. The resulting supernatants were collected, and the protein content was determined using the Lowry method [15] . Samples were stored in aliquots at −80˚C and thawed once before use.
Lipid Peroxidation and Antioxidant Enzyme Assays
To study the antioxidant capacity of MCPs, we measured SOD and CAT activities and the MDA levels in hippocampus samples using purchased kits Liu [16] .
The assays were conducted according to the manufacturer's instructions.
Morphological Examination
Seven days after KA injection, rats were deeply anesthetized with chloral hydrate 
Statistical Analysis
The experimental data were processed using SPSS 22 statistical analysis software.
All data are expressed as means ± SEM. Statistical analyses of the results were performed using Student's t-test or one-way analysis of variance, followed by Duncan's new multiple range method or the Newman-Keuls test. P-values < 0.05 were considered significant.
Results
Analysis of Momordica charantia Polysaccharide Components
HPLC and GC analyses were used to identify the components of the extracted MCPs. Based on the HPLC data, MCPs contain galacturonic acid, glucose, and galactose (Figure 1) , and the GC analysis showed that the MCPs contained glucose, galactose, rhamnose and fructose (Figure 2) . Thus, MCPs contain galacturonic acid, glucose, galactose, rhamnose and fructose.
MCPs Inhibit Lipid Peroxidation and Increases Antioxidant Enzyme Activities in the Hippocampi of Seizure Models
MDA is an indicator of lipid peroxidation and is a marker of brain oxidative stress. SOD and CAT are antioxidant biomarkers in the tissue samples. We Table 1 , the administration of 50 mg/kg MCP before or after KA injection significantly decreased the MDA levels and remarkably increased the activities of SOD and CAT enzymes.
MCPs Attenuate KA-Induced Neuron Loss in the Hippocampal CA1 and CA3 Regions
Cresyl violet staining was used to examine the survival of pyramidal cells in the Figure 2 . Gas chromatography analysis (A) The chromatogram of MCPs was achieved using gas chromatography (HP5890 SERIESI, US, FID detector). The analysis was performed under the following conditions: DB-WAX capillary column (30 m × 320 µm) with the mobile phases: high purity nitrogen at a flow rate of 10 mL/min. The retention times of the reference standard and every substance, including seven monosaccharide components (fructose, galactose, xylose, mannose, glucose, rhamnose and arabinose) are shown; a, standard reference. Seven samples were detected using GC. Areas of peaks 9, 10, 12, and 13 corresponded to four different monosaccharides: glucose, galactose, rhamnose and fructose. CA1 and CA3 regions of the hippocampus and the neuroprotective effects of MCPs on KA-induced neuronal damage. As shown in Figure 3 , the administration of the MCP (50 mg/kg) treatment before or after KA injection remarkably suppressed KA-induced neuron loss in the hippocampal CA1 and CA3 regions.
Discussion
In the present study, MCPs attenuated the KA-induced MDA levels and increased the SOD and CAT activities in the hippocampus (Table 1) . Moreover, MCPs significantly reduced KA-induced neuronal loss in the CA1 and CA3 regions of the hippocampus (Figure 3) . Thus, MCPs exert a neuroprotective effect due to their ability to attenuate KA-induced neuronal damage in the brain, which is likely due to their ability to scavenge free radicals. Compared with other organs, the brain consumes the greatest amount of oxygen and produces high quantities of free radicals, and thus the brain is particularly susceptible to oxidative stress. Free radicals are both essential and detrimental to life. Normally, ROS destroy exogenous microorganisms and if produced in excess quantities, they even induce cell damage and apoptosis [17] [18] .
The balance between the generation and elimination of free radicals is certainly crucial to maintain the normal function of cerebral neurons. According to many experimental reports, oxidative stress produced by excess free radicals plays an important role in the initiation and progression of epilepsy, and the changes attributed to oxidative stress are the main mechanism by which neuronal cells undergo death [19] [20] . For this reason, the brain must maintain oxidative balance and control, and a beneficial strategy for epilepsy would be to target oxidative stress components [3] . We extracted MCPs from M. charantia and analyzed the components using HPLC and gas chromatography. Galacturonic acid was the main component of MCPs; the other components were glucose, galactose, xylose, rhamnose and mannose ( Figure 1 and Figure 2 ). As shown in our previous studies, MCPs protect against cerebral I/R injury via their potential to mitigate the oxidative stress burden [12] . Therefore, we investigated the antioxidant effects of MCPs on KA-induced epileptic rats in the present study.
In subjects with various epileptic conditions, the formation of free radicals that cause lipid peroxidation, an unavoidable outcome of ROS injury in the cellular and subcellular membranes, increases. MDA is a direct product of lipid peroxidation, which is the most commonly used indicator of the severity of lipid peroxidation and a marker of oxidative stress in the brain. Under normal physiological conditions, the generation of free radicals is controlled by the antioxidant defense system, which includes enzymatic and non-enzymatic mechanisms. Glutathione and uric acid are non-enzymatic antioxidants, whereas the most important enzymatic antioxidants are superoxide dismutase, catalase, and glutathione peroxidase (GPX) [21] . The roles of CAT and SOD in protecting against free radical damage have been widely studied and are well known. Thus, in the present study, we investigated the antioxidant properties of MCPs in inhibiting KA-induced neuronal damage by determining the levels of MDA and the activities of SOD and CAT in the hippocampus. Based on our results, pre-or post-treatment with MCPs remarkably decreased the MDA levels and increased the SOD and CAT activities in the hippocampal homogenates from KA-treated rats (Table 1 ). This finding validated the antioxidant properties of MCPs in the KA-induced seizure model. Oxidative stress produced by free radicals is an important cause and consequence of seizures [22] . Excess free radicals can induce tissue injury and activate apoptosis [17] , resulting in neuron loss. As shown in Figure 3 , morphological analyses performed using cresyl violet staining confirmed that pre-or post-treatment with MCPs generated neuroprotective effects on epileptic brain damage, as observed in the KA-induced rat seizure model. As shown in previous studies from our laboratory, MCPs exert neuroprotective effects on neuronal damage induced by cerebral I/R via their antioxidant properties of scavenging free radicals. This scavenging activity subsequently inhibits the apoptotic signaling pathway, including both the extrinsic and intrinsic pathways [12] . Based on the results from our current and previous studies, we conclude that pre-or post-treatment with MCPs directly scavenges free radicals, which at least partially contributes to their neuroprotective effects on KA-induced neuronal injury. These findings provide a direction and a promising approach to the prophylaxis and treatment of epilepsy. Of course, further studies are needed to elucidate the complete neuroprotective mechanism of MCPs and their therapeutic potential.
Our research has analyzed the components of MCPs, finding the anti-oxidative effect of MCPs on epilepsy, which can be used to the prevention and protection of epilepsy.
